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Abstract 
A series of bisthiourea ligands, namely 1,2-bis(N’-2-methoxybenzoylthioureido)-4-nitrobenzene (T1), 1,2-bis(N’-3-
methoxybenzoylthioureido)-4-nitrobenzene (T2)  and 1,2-bis(N’-4-methoxybenzoylthioureido)-4-nitrobenzene (T3) have 
been successfully synthesised. The reaction was performed using 2:1 ratio. The structures of the ligands have been 
characterised by elemental analysis (CHNS), IR spectroscopy, 1H Nuclear Magnetic Resonance (NMR) and melting point 
determination method. The thiourea ligands were screened for their antibacterial activity using disc diffusion method 
against Gram-positive bacteria (Bacillus subtillis ATCC 6633, Staphylococcus aureus ATCC 29213 and Lactobacillus 
casei ATCC 393) and Gram-negative bacteria (Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 10145, 
and Shigella sonnei ATCC 9290). The efficacy of the compounds against Gram-positive bacteria is higher than Gram-
negative bacteria. 
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1. Introduction 
Thiourea with a formula, SC(NH2)2 is a versatile reagent in organic synthesis. One type of thiourea that has 
 
* Corresponding author. Tel.: +603 55211357; fax: +603 55443870. 
E-mail address: karimah@salam.uitm.edu.my 
Available online at www.sciencedirect.com
 2012 Published by Elsevier B.V. Selection a d/or peer r vi w under responsibility of Asia-Pacifi c Chemical, 
Biologi l & Environmental Engine ring Society Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
130   Nur Illane Mohamad Halim et al. /  APCBEE Procedia  3 ( 2012 )  129 – 133 
been studied recently is the bis-carbonoyl thiourea group. Bis-carbonoyl thiourea compounds are relatively 
less reported than their mono-carbonoyl thiourea derivatives. Only a few of bis-carbonoyl thiourea 
compounds are being reported such as 1,2-Bis(N’-benzoylthioureidothioureido)-4-cholorobenzene [1]. The 
title compound is similar to 1,2-Bis(N’-benzoylthioureido)benzene reported by Thiam and co-workers [2] in 
2008 except for the presence of 4-chlorobenzene bridge at 1, 2 position that connected the two benzoyl 
thioureido group. 
Compounds containing thiourea moieties has been used in numerous fields such as in pharmaceutical 
industry as anticancer, antimicrobial, antibacterial, antifungal, antimalarial and antituberculosis [3], and 
recently has reported as anti-HIV agents [4]. In this sense, Yusof and co-workers [5] in 2009 have synthesized 
a series of carbonyl thiourea derivatives which comprised of seven compounds for the antibacterial properties 
investigation. They found that the presence of substituent group such as nitro, chloro and bromo on the 
carbonyl thiourea might enhance the activity of the compounds toward methicillin-resistant Staphylococcus 
aureus (MRSA). Several study also reported thiourea derivatives as an interesting organic inhibitors for 
corrosion due to sulphur atom that is easily protonated in acidic solution [6]. 
  In the present study, we report herein the synthesis and characterization of 1,2-Bis(N’-2,3 and 4-
methoxybenzoylthioureido)-4-nitrobenzene as report in Figure 1. Their structure and antibacterial activities 
against six strains of bacteria (Bacillus subtillis ATCC 6633, Staphylococcus aureus ATCC 29213, 
Lactobacillus casei ATCC 393, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 10145, and 
Shigella sonnei ATCC 9290) bacteria are described. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Synthesis of the bis-carbonoyl thiourea derivatives 
2. Experimental 
2.1. Physical measurements 
All reactions were performed under an ambient atmosphere and no special precautions were taken to 
exclude air or moisture. Chemicals were purchased from MERCK or Sigma Aldrich was used as received 
without further purification. The solvent were left overnight with freshly molecular sieve before used. Melting 
points were measured using BÜCHI Melting Point B-545 and the elemental analyses were conducted using 
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CHNS Analyzer Flash EA 1112 series. Infrared spectra were obtained using FTIR Perkin Elmer 100 
Spectrophotometer in the spectral range of 4000-350 cm-1. 1H NMR spectra were recorded using Bruker 
Avance III 300 Spectrometer at room temperature. The elemental analyses were conducted using CHNS 
Analyzer Flash EA 1112 series.  
2.2. Synthesis of the ligands 
Freshly prepared substituted benzoyl chloride (13 mmol) was added drop wise to a stirring acetone solution 
(20 ml) of ammonium thiocyanate (13 mmol). The solution mixture was stirred about 20 minutes. A solution 
of 4-nitro-1,2-phenylenediamine (6.5 mmol) in acetone was added and the reaction solution was heated under 
reflux for 3 hours. The solution was poured into a beaker containing some ice cubes. The resulting precipitate 
was collected by filtration, washed several times with cold ethanol/water and purified by recrystallization 
from ethanol/dichloromethane mixture (1:1).    
1,2-bis(N’-2-methoxybenzoylthioureido)-4-nitrobenzene, (T1): Yield 69.4%; Yellowish solid, m.p 206.3 
ÛC. IR (KBr pellet, cm-1): ȣ(C=O) 1663.98, ȣ(N-H) 3358.78, ȣ(C-N) 1253.89, ȣ(C=S) 890.79. 1H NMR 
(CD3SOCD3-d6, 300.13 MHz): į 4.01 (s, 3H, OMe); 6.80 – 10.40 (m, Ar-H); 11.80 (s, H, CONH); 12.5, 12.8 
(s, H, CSNH). Anal. Calc. For C24H21N506S2: C, 53.42; H, 3.92; N, 12.98; S, 11.89. Found: C, 54.59; H, 4.13; 
N, 12.56; S, 9.49.  
1,2-bis(N’-3-methoxybenzoylthioureido)-4-nitrobenzene (T2): Yield 77.0%; Yellowish solid, m.p 193.9 
ÛC. IR (KBr pellet, cm-1): ȣ(C=O) 1666.38, ȣ(N-H) 3333.33, ȣ(C-N) 1270.13, ȣ(C=S) 865.50. 1H NMR 
(CD3SOCD3-d6, 300.13 MHz): į 3.79 (s, 3H, OMe); 6.80 – 8.90 (m, Ar-H); 11.70 (s, H, CONH); 12.7, 12.9 (s, 
H, CSNH). Anal. Calc. For C24H21N506S2: C, 53.42; H, 3.92; N, 12.98; S, 11.89. Found: C, 53.49; H, 3.67; N, 
13.92; S, 8.29.  
1,2-bis(N’-4-methoxybenzoylthioureido)-4-nitrobenzene, (T3): Yield 72.6%; Yellowish solid, m.p 212.0 
ÛC. IR (KBr pellet, cm-1): ȣ(C=O) 1665.64, ȣ(N-H) 3342.40, ȣ(C-N) 1254.75, ȣ(C=S) 856.53. 1H NMR 
(CD3SOCD3-d6, 300.13 MHz): į 3.85 (s, 3H, OMe); 6.79-8.60 (m, Ar-H); 11.75 (s, H, CONH); 12.8, 13.0 (s, 
H, CSNH). Anal. Calc. For C24H21N506S2: C, 53.42; H, 3.92; N, 12.98; S, 11.89. Found: C, 53.61; H, 4.00; N, 
12.92; S, 10.95.  
2.3. Antibacterial screening 
All of the synthesized ligands were screened for their antibacterial activity using disc diffusion method 
against Gram-positive bacteria (Bacillus subtillis ATCC 6633, Staphylococcus aureus ATCC 29213 and 
Lactobacillus casei ATCC 393) and Gram-negative bacteria (Escherichia coli ATCC 25922, Pseudomonas 
aeruginosa ATCC 10145, and Shigella sonnei ATCC 9290). These bacteria was cultured in nutrient broth and 
left for 24 hours to grow. The compounds were dissolved in DMSO at the concentration of 10 mg/cm3. Total 
volumes of 10ȝL of the dissolved compounds were impregnated on 6.00 mm blank AA disc respectively, 
which were then dried under sterile condition before being placed on the agar plate. The Mueller Hinton (MH) 
agar was used as the media and pour plate technique was chosen for the test. An inoculum containing 106 
bacterial cells of the targeted microorganisms were mixed into Mueller Hinton agar respectively before 
platting. Streptomycin (400 ȝg mL-1) was used as positive control and DMSO as negative control. The 
impregnated dried disc was then implanted on the surface of the culture and incubated at 37ºC for 24 hours. 
After incubation, the average of the inhibition zones was measured and compared with positive control. The 
bactericidal tests were performing in triplicate. 
3. Results and Discussion 
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3.1. Chemical analysis 
The microelemental analysis data (Table 1) of the product is in agreement with the formula of 
C24H21N506S2. The melting point of the ligands was found between 193ÛC to 206ÛC.  
Table 1. Microelemental analysis data of the compound (T1), (T2) and (T3) 
Compound Color % Yield M.P (ÛC)
Elemental analysis data found 
(calculated) (%) 
C H N S 
C24H21N506S2 (T1) Yellow  69.4 206 
54.59 
(53.42)
4.13 
(3.92) 
12.56 
(12.98) 
9.49 
(11.89) 
C24H21N506S2 (T2) Yellow  77.0 194 
53.49 
(53.42)
3.67 
(3.92) 
13.92 
(12.98) 
8.29 
(11.89) 
C24H21N506S2 (T3) Yellow 72.6 212 
53.61 
(53.42)
4.00 
(3.92) 
12.92 
(12.98) 
10.95 
(11.89) 
 
3.2. Spectroscopic studies 
The characteristic IR bands of all thiourea ligands showed the expected frequencies of ȣ(C=O), ȣ(N-H), 
ȣ(C-N) and ȣ(C=S). The presence of strong absorption bands at 3358.78 (T1) 3333.33 (T2) and 3342.40 cm-1 
(T3) corresponds to ȣ(N-H) stretching. The medium intensity bands around 1663 cm-1 attributes to the 
stretching of ȣ(C=O). The ȣ(C-N) bands appeared at 1253.89 (T1), 1270.13 (T2) and 1254.75 cm-1 (T3). The 
medium bands at 890.79 (T1), 865.50 (T2) and 856.53 cm-1(T3) are assigned for ȣ(C=S) streching, 
respectively.  These assignments of thiourea derivatives were also confirmed by [2] [7].  
The 1H NMR spectra of the ligands were recorded in deuterated DMSO. Very similar spectra were 
obtained for the ligand T1-T3. 1H NMR data demonstrate the existence of methoxy proton substituent 
attached to the phenyl ring between 3.79 to 4.01 ppm and aromatic proton in the range 6.8 to10.4 ppm. The 
1H NMR data showed the unresolved resonance aromatic protons signal appearing at 6.8 to 10.4 ppm which 
can be attributed to the overlapping proton signals in the aromatic rings. The carbon chemical shifts of the 
CONH group appear upfield between 11.7 to 11.8 ppm. They are two signal appear for thioamide group 
(CSNH) proton between  12.5 to 12.8 and 12.8 to 13.0 reflex of non planarity of the ligands. 
3.3. Antibacterial activities 
According to the antibacterial studies, the efficacy of the compounds against Gram-positive bacteria is 
higher than Gram-negative bacteria. All the compounds did not show any activity against Gram-negative 
bacteria. Compounds T1, T2 and T3 showed the ability to inhibit the Gram-positive bacteria (Lactobacillus 
casei). Interestingly, compound T1 are also effective against Staphylococcus aureus. The high antibacterial 
activity of compounds T1, T2 and T3 maybe attributed to the presence of nitro functional group. These 
electrons withdrawing group may decreased the electron density on benzene ring through resonance effect [8].  
 Table 2. Antibacterial screening of thiourea ligands 
Compound  
Gram positive bacteria 
Zone of inhibiton (mm) 
Gram negative bacteria 
Zone of inhibiton (mm) 
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S.aureus 
(ATCC 29213) 
B. subtillis 
(ATCC 6633)
L. casei 
(ATCC 393)
P.aeruginosa 
(ATCC 10145)
S. sonnei 
(ATCC 9290) 
E. coli 
(ATCC 25922) 
C24H21N506S2 (T1) 8 - 13 - - - 
C24H21N506S2 (T2) - - 11 - - - 
C24H21N506S2 (T3) - - 13 - - - 
Streptomycin 12 8 -    
        - : No activity 
4. Conclusion 
To conclude, a series of bisthiourea ligands, namely 1,2-bis(N’-2-methoxybenzoylthioureido)-4-
nitrobenzene (T1), 1,2-bis(N’-3-methoxybenzoylthioureido)-4-nitrobenzene (T2)  and 1,2-bis(N’-4-
methoxybenzoylthioureido)-4-nitrobenzene (T3) have been successfully synthesised and fully characterised 
by spectroscopic methods. Compound T1, T2 and T3 show the ability to inhibit Gram-positive bacteria 
especially Staphylococcus aureus and Lactobacillus casei. The antibacterial activity of all the tested 
compounds against Lactobacillus casei is better than the reference drugs. 
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